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ABSTRACT 



In an air conditioning apparatus for a vehicle, a water/ 
refrigerant heat exchanger is disposed at a refrigerant dis- 
charge side of a compressor of a refrigerant cycle, and a 
cooling unit for cooling a heat-generating unit with refrig- 
erant having an intermediate pressure of the refrigerant cycle 
is disposed at a downstream refrigerant side of the water/ 
refrigerant heat exchanger. The air conditioning apparatus 
includes an evaporator and a hot- water type heater core 
disposed in an air conditioning duct. In a cooling water 
circuit, an engine, a radiator and an electrical pump are 
disposed in addition to the water/refrigerant heat exchanger 
and the hot-water type heater core. Thus, refrigerant absorbs 
heat generated in the heat-generating unit, and is beat- 
exchanged with cooling water in the water/refrigerant heat 
exchanger after passing through the compressor. As a result, 
the heat-generating unit can be cooled sufficiently even 
when outside air temperature is high in the summer, and 
heating capacity can be effectively improved using heat 
generated from the heat-generating unit in the winter. 

10 Claims, 3 Drawing Sheets 
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AIR CONDITIONING APPARATUS FOR 
VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to and claims priority from 
Japanese Patent Application No. 9-198831 filed on Jul. 24, 
1997, the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an air conditioning appa- 
ratus for a vehicle, which sufficiently cools an electrical unit 
mounted on the vehicle and effectively utilizes heat gener- 
ated from the electrical unit. The air conditioning apparatus 
is suitable for an electrical vehicle and a hybrid vehicle. 

2. Description of Related Art 

Conventionally, an air conditioning apparatus for heating 
a passenger compartment in the winter by effectively using 
heat generated from electrical members mounted on a 
vehicle is proposed. For example, JP-A-8-258548 discloses 
an air conditioning apparatus for a vehicle, which heats a 
passenger compartment using heat generated from electrical 
members mounted on the vehicle as a heating source of a 
heat pump. Further, U.S. Pat. No. 5,641,016 discloses an air 
conditioning apparatus for a vehicle, in which cooling water 
heated by generation heat from electrical members is heated 
again in a heat pump to heat a passenger compartment. 

However, in the conventional apparatus, the electrical 
members are cooled by cooling water in the summer, and the 
cooling water is heat-exchanged with outside air while 
circulating in a radiator. When the temperature of outside air 
is higher lhan 40° C. in the summer, the temperature of 
cooling water can be increased to 65° C; and therefore, the 
electrical members are not cooled sufficiently in the summer. 

SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is an object of the 
present invention to provide an air conditioning apparatus 
for a vehicle, which can sufficiently heat a passenger com- 
partment by effectively using heat generated from a heat- 
generating unit mounted on the vehicle in the winter, and can 
sufficiently cool the heat-generating unit in the summer. 

According to the present invention, an air conditioning 
apparatus for a vehicle includes a duct for forming an air 
passage for leading air toward a passenger compartment, a 
blower, disposed in the air passage, for blowing air within 
the duct toward the passenger compartment, a refrigerant 
cycle, and a cooling water cycle. The refrigerant cycle 
includes: a compressor for compressing refrigerant; a water/ 
refrigerant heat exchanger for exchanging heat between gas 
refrigerant discharged from the compressor and cooling 
water for cooling an engine, to heat the cooling water; a 
condenser for condensing and cooling refrigerant from the 
water/refrigerant heat exchanger by performing heat- 
exchange between the refrigerant from the water/refrigerant 
heat exchanger and outside air outside the vehicle; a first 
press-reducing unit for reducing a pressure of liquid refrig- 
erant to an intermediate pressure, the liquid refrigerant being 
condensed in at least one of the water/refrigerant heat 
exchanger and the condenser, a cooling unit for cooling a 
heat-generating unit mounted on the vehicle, in which the 
intermediate-pressure refrigerant from the first press- 
reducing unit flows; a second press-reducing unit for reduc- 
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ing a pressure of the intermediate-pressure refrigerant from 
the cooling unit; and an evaporator disposed in the air 
passage, for evaporating refrigerant from the second press- 
reducing unit by absorbing heat from air to cool air. On the 

5 other hand, the cooling water cycle includes: a heater core, 
disposed in the air passage at a downstream air side of the 
evaporator, for performing heat-exchanger between the 
cooling water and air to heat air; a radiator for cooling the 
cooling water by performing heat-exchange between the 

to cooling water and outside air; and a pump for circulating the 
cooling water in the cooling water cycle. In the air condi- 
tioning apparatus, the water/refrigerant heat exchanger and 
the engine are disposed in the cooling water cycle. Thus, the 
cooling unit sufficiently cools the heat-generating unit 

15 mounted on the vehicle by using the intermediate -pressure 
refrigerant even when outside air temperature is high in the 
summer. Further, during a cooling mode in the summer, 
refrigerant in the refrigerant cycle is direcdy heat-exhausted 
by the condenser, and indirectly heat-exhausted by the 

20 radiator through the water/refrigerant heat exchanger. 
Therefore, heat-exhausting capacity of the refrigerant cycle 
can be improved, and consumption electrical-power of the 
compressor can be reduced. On the other hand, during a 
heating mode in the winter, because the cooling water is 

25 heated using heat generated from the heat-generating unit 
through the water/refrigerant heat exchanger, heating capac- 
ity for the passenger compartment can be improved even 
when heat generated in the engine is small or heat is not 
generated in the engine. 

30 Preferably, the cooling water cooled in the radiator flows 
into the water/refrigerant heat exchanger when the cooling 
mode is set. Therefore, during the cooling mode, refrigerant 
discharged from the compressor can be effectively cooled in 
the water/refrigerant heat exchanger. 

35 More preferably, the cooling water heated in the water/ 
refrigerant heat exchanger flows into the heater core when 
the heating mode is set. Therefore, during the heating mode, 
heating capacity for the passenger compartment can be 
improved. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects and advantages of the present inven- 
tion will be more readily apparent from the following 
45 detailed description of a preferred embodiment when taken 
together with the accompanying drawings, in which: 

FIG. 1 is a view showing an entire structure of an air 
conditioning apparatus according to a preferred embodiment 
of the present invention; 
50 FIG, 2 is a Mollicr chart of a refrigerant cycle of the 
embodiment; 

FIG. 3 is a flow chart showing a control process of the air 
conditioning apparatus; and 
ss FIG. 4 is a graph showing the relationship between a flow 
ratio of cooling water passing through a radiator to a total 
cooling water and a temperature of cooling water at an outlet 
of an engine. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be 
described hereinafter with reference to the accompanying 
drawings. 

In the embodiment, an air conditioning apparatus of the 
present invention is applied to a hybrid vehicle (HV) which 
uses an engine (i.e., internal combustion engine) 41 and a 
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motor (not. shown) as a driving source of the vehicle. As netic valve 32. A first electrical expansion valve 24 is 

shown in FIG. 1, the air conditioning apparatus includes an disposed at a downstream refrigerant side of the condenser 

air conditioning unit 1 disposed under an instrument panel in 22 and the bypass passage 32a. By the first electrical 

a passenger compartment. The air conditioning unit 1 has an expansion valve 24, high-pressure refrigerant is decom- 

air conditioning duct 2 for forming an air passage leading air 5 Passed until a first intermediate pressure. The opening 

toward a passenger compartment of the vehicle. An inside °' *>* tk*™* expansion valve 24 is electa- 

air intake port 4 for introducing inside air (i.e., air inside the «£y controlled so that the first intermediate pressure of the 

passenger compartment) and an ou.side air intake port 5 for refrigerant reaches to a i first target pressure, 

introducing outside air (i.e., air outside the passenger A cooling .unit 25 lis disposed at .. downstream refrigerant 

compartment) are formed at one end side of the air condi- 10 f* of *» ** el f " cal C ^^t^w,ut^l 

, • * i . f% j . • • • « * * * i _* ji j it a heat-generating unit 25a mounted on the vehicle using the 

turning duct 2, and the inside air intake port 4 and the outside ^ f ntermed > te . pre ssure refrigerant. In the embodiment, 

air intake port 5 are selectively opened and closed by an ^ heat ratin unil 2Sa is the motor for driving the 

inside/outside air switching door 6. The operation of the veh i c i Cf a power-transistor of an inverter for controlling a 

inside/outside air switching door 6 is controlled by a servo- ro tational speed of the motor, and a buttery, for example, 

motor 54. 15 ^ supplementary condenser 29 is disposed at a down- 

A blower 3 for blowing air introduced into the air con- stream refrigerant side of the cooling unit 25. The first 

ditioning duct 2 toward the passenger compartment is dis- intermediate-pressure refrigerant is he at -exchanged with 

posed at a downstream air side of the intake ports 4, 5. The outside air in the supplementary condenser 29, and is 

blower 3 includes a motor 3a and a centrifugal fan 3b driven condensed. A bypass passage 30a is provided in parallel with 

by the motor 3a. On the other hand, at the other end side of 20 the supplementary condenser 29, and is opened and closed 

the air conditioning duct, there are formed air outlets 7, 8, 9 by an electromagnetic valve 30. 

through which air conditioned in the air conditioning unit 1 A second electrical expansion valve 26 is disposed at a 

is blown toward the passenger compartment. The air outlets downstream refrigerant side of the supplementary condenser 

7, 8, 9 are opened and closed by mode switching doors 10, 29 and the electromagnetic valve 30. By the second elec- 

11, 12, respectively, so that an air outlet mode such as a face 25 trical expansion valve 26, the first intermediate-pressure 

mode, a bi-level mode, a foot mode and a defroster mode is refrigerant is decompressed until a second intermediate 

^ pressure. The opening degree of the second electrical expan- 

„ _ . . . „ A . ,. , . sion valve 26 is controlled until the second intermediate 

An evaporator 23 of a refrigerant cycle 20 is disposed in Ufe reacfaes {Q a secon(J ure 

the air conditioning duct 2 at a downstream air side of the A ^ tor 27 is disposed at a downstream 

blower 3. Refrigerant flowing through the evaporator 23 refri erant side of the electrical expansion valve 26. 

absorbs heat from air so that air passing through the evapo- ^ mterme diate-pressure refrigerant is divided into 

rator 23 is cooled. A hot-water type heater core 43 is gas rcfrigerant an d liquid refrigerant in the gas-liquid sepa- 

disposed at a downstream air side of the evaporator 23, and rator 27, and liquid refrigerant is stored therein. Liquid 

heats air passing therethrough using cooling water (hot refrigerant separated from gas refrigerant in the gas-liquid 

water) in a cooling water circuit 40 as a heating source. . separator 27 is decompressed by a thermal expansion valve 

The heater core 43 is disposed in the air conditioning duct 28 to a predetermined pressure. The thermal expansion valve 

2 to cross a part of the air passage. Therefore, a bypass 28 includes a temperature sensor 28a for detecting a tem- 

passage 43a through which air having passed through the perature of refrigerant at an outlet of the evaporator 23. The 

evaporator 23 bypasses the heater core 43 is formed at a side . ^ opening degree of the thermal expansion valve 28 is con- 

of the heater core 43. Further, an air mixing door 13 is trolled so that an over-cooling degree of refrigerant at the 

rotatably disposed at an air inlet portion of the heater core outlet of the evaporator 23 is maintained at a predetermined 

43. The air mixing door 13 adjusts a volume of air passing degree. 

through the heater core 43 and a volume of air passing Th c compressor 21 is a gas- injection type compressor 

through the bypass passage 43a. The rotation amount (i.e., 45 including a low-pressure side compression portion 21a 

rotation position) 'of the air mixing door 13 is controlled by compressing a low-pressure refrigerant sucked from an 

a servomotor 55. intake port 21c, and a high-pressure side compression por- 

Next, the refrigerant cycle 20 will be now described with tion 21b. In the high-pressure side compression portion 2Xb. 

reference to FIGS. 1 and 2. A compressor 21 driven by an gas refrigerant compressed to an intermediate pressure and 

electrical motor is provided in the refrigerant cycle 20, and 50 gas refrigerant flowing from a gas injection port 21d are 

a water/refrigerant heat exchanger 31 is provided in the mixed, and the mixed gas refrigerant is compressed to a 

refrigerant cycle 20 at a refrigerant discharging side (i.e., predetermined pressure and is discharged from an outlet port 

downstream refrigerant side) of the compressor 21. In the 21e of the compressor 21. 

water/refrigerant heat exchanger 31, a refrigerant passage Alternating current (AC) power is applied to the motor of 

31a through which refrigerant discharged from the compres- 55 the compressor 21 by an invertor 52. A frequency of AC 

sor 21 flows and a cooling water passage 31a through which power is adjusted by the invertor 52 so that the rotational 

cooling water of the cooling water circuit 40 flows are speed of the motor of the compressor 21 can be continually 

respectively formed. Therefore, gas refrigerant discharged changed. Direct current (DC) power from a battery 53 

from the compressor 21 is heat-exchanged with cooling mounted on the vehicle is applied to the invertor 52. 

water flowing through the cooling water passage 31a in the ^ On the other hand, a cooling portion 41a of the engine 41 

water/refrigerant heat exchanger 31. ^ provided in the cooling water circuit 40. The engine 41 

A condenser 22 is provided in the refrigerant cycle 20 at directly or indirectly drives the vehicle. That is, the power of 

a downstream refrigerant side of the water/refrigerant heat the engine 41 can be directly used for driving the vehicle, 

exchanger 31. In the condenser 22, gas refrigerant is heat- and can be used for driving a generator. When the engine 41 

exchanged with outside air to be cooled and to be con- 65 is used for driving the generator, generated electrical power 

densed. A bypass passage 32a is provided in parallel with the of the generator is supplied to a vehicle-driving motor and 

condenser 22, and is opened and closed by an electromag- the battery 53. 
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la the cooling water circuit 40, there are formed an 101. When the engine 41 is operated in a general-load 

electrical water pump 44 which can be driven by the battery condition during the cooling mode, the temperature of 

53 even when the engine 41 is stopped, a radiator 42 which cooling water flowing into the water/refrigerant heat 

cools cooling water using outside air, the cooling water exchanger 31 is approximately 60° C. by the heat radiation 

passage 316 of the water/refrigerant heat exchanger 31, and 5 of the radiator 42, and the temperature of gas refrigerant 

the heater core 43. The electrical water pump 44 pumps discharged from the compressor 21 is approximately 80° C. 

cooling water so that cooling water flows from the engine 41 During the cooling mode, because the temperature of the 

toward the radiator as shown by arrow in FIG. 1. Further, in cooling water flowing through the cooling water passage 

the cooling water circuit 40, a first bypass passage 47 and a 316 is lower than that of the refrigerant flowing through the 

second bypass passage 48 are formed. Therefore, cooling JQ refrigerant passage 31a in the water/refrigerant heater 

water from the electrical water pump 44 bypasses the exchanger 31, high-temperature high -pressure refrigerant 

radiator 42 and the water/refrigerant heat exchanger 31 discharged from the compressor 21 is cooled while passing 

through the first bypass passage 47, and bypasses the radia- through the water/refrigerant heat exchanger 31. As a result, 

tor 42 and a flow control valve 45 through the second bypass a part of gas refrigerant discharged from the compressor 21 

passage 48. The flow control valve 45 is disposed at a 15 is condensed in the refrigerant passage 31a of the water/ 

junction between an inlet portion of the radiator 42 and an refrigerant heat exchanger 31. Because the electromagnetic 

inlet portion of the first bypass passage 47. Because the flow valve 32 of the refrigerant cycle is closed during the cooling 

control valve 45 is a three-way flow type and opening mode at step 101, refrigerant having passed through the 

degrees thereof can be electrically controlled, an amount of refrigerant passage 31a of the water/refrigerant heat 

cooling water flowing through the radiator 42 and an amount 2Q exchanger 31 is cooled and condensed in the condenser 22 

of cooling water bypassing the radiator 42 can be continu- by outside air. 

ally controlled. On the other hand, an electromagnetic valve jh e condensed liquid refrigerant having a high tempera- 
46 for opening and closing the second bypass passage 48 is ture and a high pressure is decompressed (i.e., press- 
provided in the second bypass passage 48. reduced) in the first electrical expansion valve 24 until the 

In the embodiment, the air conditioning apparatus 25 first intermediate pressure to become in a gas-liquid two- 
includes an electronic control unit (hereinafter referred to as phase state. Gas-liquid two-phase refrigerant from the first 
"ECU") 51. The ECU 51 electrically controls an electrical electrical expansion valve 24 flows through the cooling unit 
valve such as the flow control valve 45 and the electromag- 25 to cool the heat-generating unit 25a mounted on the 
netic valve 45. Further, the ECU 5 electrically controls the vehicle. That is, in the cooling unit 25, liquid refrigerant in 
invertor 52, the servomotors 54, 55, the electrical water gas-liquid two-phase refrigerant absorbs heat from the heat- 
pump 44, the blower 3 and fans 22a, 29a, 42a, and the like, generating unit 25a to cool the heat-generating unit 25a. 
in addition to the electrical valves. Therefore, the temperature of the first intermediate-pressure 

Signals from various sensors, various levers and various refrigerant is controlled by the first electrical expansion 
switches are input to the ECU 51. For example, the various valve 24 according to a heat-generating amount of the 
sensors are a discharge temperature sensor 61 for detecting 35 heat-generating unit 25a so that the temperature of heat- 
a temperature of gas refrigerant discharged from the com- generating unit 25a, detected by the cooling water tempera- 
pressor 21, a post-evaporator sensor 62 for detecting a ture sensor 68, can be controlled at a predetermined tern- 
temperature of air immediately after passing through the perature (e.g., 5° C). 

evaporator 23, a temperature sensor 63 for detecting a That is, when the he at -genera ting amount of the heat- 
tempcraturc of cooling water at an inlet of the water/ 40 generating unit 25a becomes larger, the opening degree of 
refrigerant heat exchanger 31, a heater-core water tempera- the first electrical expansion valve 24 is made smaller (i.e., 
ture sensor 64 for detecting a temperature of cooling water a restriction amount of the expansion valve 24 is made 
at a water inlet of the heater core 43, an engine cooling-water larger), and the temperature of the first intermediate- 
temperature sensor 65 for detecting a temperature of cooling pressure refrigerant is made lower. On the other hand, when 
water at a water outlet of the engine cooling portion 41a, an 45 the heat-generating amount of the heat-generating unit 25a 
outside air temperature sensor 66 for detecting a temperature becomes smaller, the opening degree of the first electrical 
of outside air, an inside air temperature sensor 67 for expansion valve 24 is made larger (i.e., a restriction amount 
detecting a temperature of inside air inside the passenger of the expansion valve 24 is made smaller), and the tem- 
compartment, a temperature sensor 68 for detecting the perature of the first intermediate-pressure refrigerant is made 
temperature of the heat-generating unit 25a, an 50 higher. Thus, even when the heat-generating amount of the 
intermediate-pressure refrigerant temperature sensor 69 for heat-generating unit 25a mounted on the vehicle and the 
detecting a temperature of refrigerant from the cooling unit temperature of outside air are changed, the heat-generating 
25. The various levers include a temperature control lever 56 unit 25a can be sufficiently cooled, 
of a control panel 56, for example. Further, at step 102, when the refrigerant temperature (Tr) 

Next, control process of the air conditioning apparatus 55 detected by an intermediate-pressure refrigerant temperature 

will be now described. sensor 69 is higher than the outside air temperature (Ta), the 

Firstly, when an air-conditioning operation switch (not electromagnetic valve 30 is closed at step 103. Therefore, 

shown) of the control panel 56 is turned on, the control first intermediate-pressure refrigerant from the cooling unit 

routine of ECU 51 shown in FIG. 3 starts. Then, at step 100, 25 flows into the supplementary condenser 29, and is 

it is determined whether or not an operation mode of the air 60 heat-exchanged with outside air to be cooled and condensed, 

conditioning unit is a cooling mode or a heating mode. That Conversely, when the refrigerant temperature (Tr) detected 

is, it is determined whether or not the temperature control by the intermediate-pressure refrigerant temperature sensor 

lever 56a of the control panel 56 is positioned at a lower 69 is lower than the outside air temperature (Ta) at step 102, 

temperature side or a high temperature side. When the the electromagnetic valve 30 is opened at step 104. 

cooling mode is determined at step 100, the electromagnetic 65 Therefore, the first intermediate-pressure refrigerant from 

valve 32 of the refrigerant cycle 20 and the electromagnetic the cooling unit 25 passes through the bypass passage 30 

valve 46 of the cooling water circuit 40 are closed at step while bypassing the supplementary condenser 29, and flows 
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into the second electrical expansion valve 26. Because first heater core 43, cooling water flowing through the heater core 

intermediate-pressure refrigerant passes through the bypass 43 is not heat-exchanged with air. 

passage 30 while bypassing the supplementary condenser 29 During the cooling mode, because the electromagnetic 

when the temperature (Tr) of first intermediate-pressure valve 46 is closed even when the engine 41 operates, cooling 

refrigerant is lower than the outside air temperature (Ta), it 5 wa t er from the electrical water pump 44 flows into the flow 

is prevent the first intermediate-pressure refrigerant from control valve 45. Thereafter, the flow control valve 45 

absorbing heat from outside air. controls the radiator-passing flow ratio of cooling water 

The first intermediate-pressure refrigerant is decom- according to the control program shown in FIG. 4, so that the 

pressed in the second electrical expansion valve 26 until the flow rate of cooling water passing through the radiator 42 

second intermediate pressure, and thereafter flows into the 10 and the flow rate of cooling water bypassing the radiator 42 

gas-liquid separator 27. Gas refrigerant is separated from are controlled Cooling water is cooled in the radiator 42 

liquid refrigerant in the gas-liquid separator 27, and is while passing through the radiator 42, and flows into the 

sucked into the compressor 21 from a gas- injection port 21d water/refrigerant heat exchanger 31. The cooling water is 

through a gas-injection pipe 21/. On the other hand, liquid heat-exchanged in the water/refrigerant heat exchanger 31 

refrigerant from the gas-liquid separator 27 is decompressed 15 with gas refrigerant discharged from the compressor 21. On 

in the thermal expansion valve 28 at a predetermined the other hand, cooling water passing through the bypass 

pressure, and flows into the evaporator 23. The thermal passage 47 while bypassing the radiator 42 is joined with 

expansion valve 28 controls the flow rate of refrigerant in cooling water having passed through the radiator 42 and the 

such a manner that refrigerant is completely vaporized at a water/refrigerant heat exchanger 31 at a cooling water outlet 

refrigerant outlet of the evaporator 23. 20 of the water/refrigerant heat exchanger 31. The joined 

Within the air conditioning unit 1, air blown by a blower cooling water returns the electrical water pump 44 through 

3 is heat-exchanged with refrigerant in the evaporator 23 to ^ ^ater core 43 and the engine cooling portion 41a. At this 

be cooled, and cool air is blown toward the passenger ^e, because the air mixing door 13 closes the air inlet of 

compartment during the cooling mode. Here, liquid refrig- *e heater core 43, cooling water is not heat-exchanged with 

erant is vaporized in the evaporator 23, the vaporized gas 25 air during the cooling mode. 

refrigerant is sucked in to the compressor 21 from the intake By the above-described operation, air blown by the 
port 21c, and is compressed in the compressor 21. FIG. 2 blower 3 is cooled by the evaporator 23, and is blown toward 
shows each refrigerant state in each equipment of the the passenger compartment without passing through the 
refrigerant cycle 20. heater core 43 to cool the passenger compartment. At this 
Next, during the cooling mode, the operation of the 30 time, the heat-generating unit 25a mounted on the vehicle is 
cooling water circuit 40 will be described with reference to cooled to a predetermined temperature by first intermediate- 
FIG. 4. In FIG. 4, the abscissa shows the cooling water pressure refrigerant, regardless of a variation in the outside 
temperature, at the outlet of the engine cooling portion 41a, ^ temperature and the heat-generating amount of the heat- 
detected by the engine cooling-water temperature sensor 65, generating unit 25a. Therefore, the heat-generating unit 25a 
and the ordinate shows a flow ratio (hereinafter, referred to ca n be sufficiently cooled even when the outside air tem- 
as "radiator-passing flow ratio") of refrigerant flowing perature is high in the summer. 

through the radiator 42 to a total refrigerant flowing through Further, heat from the high-pressure high-temperature 

the flow control valve 45. The control program shown in refrigerant of the refrigerant cycle 20 is transmitted to 

FIG. 4 is set beforehand, and is stored in a ROM of a ^ cooling water in the water/refrigerant heat exchanger 31, and 

microcomputer of the ECU 51. During the cooling mode, the cooling water is heat-exchanged with outside air in the 

because, the electromagnetic valve 46 of the bypass passage radiator 42. Therefore, refrigerant is cooled in the water/ 

48 is closed, the radiator-passing flow ratio of refrigerant can refrigerant heat exchanger 31 and the condenser 22. Thus, 

be controlled by the flow control valve 45. even when refrigerant heating-load due to the generation 

At step 105 in FIG. 3, the radiator-passing flow ratio 45 heal of the heat-generating unit 25a is increased in the 

corresponding to cooling water temperature at the outlet of refrigerant cycle 20, the pressure of refrigerant discharged 

the engine cooling portion 41a is determined according to from lhe compressor can be reduced to prevent consumption 

the control program shown in FIG. 4, and the flow control electrical power of the compressor 21 from being increased, 

valve 45 is controlled according to the radiator-passing flow When dehumidifying operation is performed, the air 

ratio. 50 mixing door 13 is rotated at a predetermined position so that 

Further, when the engine 41 is stopped during the cooling a P art of air havin g through the evaporator 23 is 

mode, the flow control valve 45 fully closes the bypass heated in the heater core 43 while passing through the heater 

passage 47 and fully opens the inlet passage of the radiator 43 - Therefore, cool air having a predetermined tem- 

42 so that the radiator-passing flow ratio is equal to 1. perature is blown toward the passenger compartment. 

Therefore, all cooling water from the electrical water pump 55 Next, when a heating mode is determined at step 100 in 

44 passes through the flow control valve 45 and flows into FIG. 3 (i.e., the determination is "NO" at step 100), the both 

the radiator 42. Thus, cooling water is heat-exchanged with the electromagnetic valves 30, 32 are opened. When the 

outside air in the radiator 42 to be cooled. The cooled engine 41 stops in long time or heat generated in the engine 

cooling water flows into the cooling water passage 316 of 41 is small even when the engine 41 operates, the tempera- 

the water/refrigerant heat exchanger 31, and is heat- 60 ture of cooling water is low. In this case, because heat 

exchanged with gas refrigerant discharged from the com- generated in the engine 41 is too small to heat cooling water, 

pressor 21 of the refrigerant cycle 20 to cool gas refrigerant the heating capacity for the passenger compartment is insuf- 

from the compressor 23. Cooling water heated in the water/ ficient only using the cooling water from the engine 41. 

refrigerant heat exchanger 31 returns the electrical water Thus, in the embodiment, the refrigerant cycle 20 is operated 

pump 44 after passing through the heater core 43 and the 65 to heat cooling water. That is, the compressor 21 is operated, 

engine cooling water portion 41a. During the cooling mode, and gas refrigerant discharged from the compressor 21 is 

because the air mixing door 13 closes the air inlet of the heat-exchanged with cooling water in the water/refrigerant 
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heat exchanger 31. As a result, gas refrigerant discharged radiator 42. Thus, in this case, all cooling water from the 

from the compressor 21 is cooled, and cooling water is electrical water pump 44 passes through the flow control 

heated in the water/refrigerant heat exchanger 31. valve 45, and directly flows into a cooling water passage at 

During the heating mode, because the electromagnetic * n out " e of ^ water/refrigerant heat exchanger 31 

valve 32 is opened atttep 106 in FIG. 3, refrigerant from the s through the bypass passage 47 whde bypassing through the 

t , c . r t . t r . tl _ ... water/refrigerant heat exchanger 31. That is, in this case, 

water/refrigerant heat exchanger 31 passes through toe ^ ^ ^ ^ ^ ^ d 

bypass passage 32a while bypassing the condenser 22. flows * to ^ hcatef mn ^ ^ th h {hc 

Therefore, gas refrigerant discharged from foe compressor radifltor 42 and thc watcr/rcfrigcraDt hcat exchanger 31, and 

21 is cooled and condensed only in the water/refrigerant heat returns me eleclrica i water pump 44 through the engine 

exchanger 31 to heat cooling water, and is decompressed in ™ cooling portion 41a. Therefore, air passing through the 

the first electrical expansion valve 24 until a first interme- ne ater co re 43 & heated and the heated air is blown toward 

diate pressure. Thus, refrigerant decompressed to the first the passenger compartment. 

intermediate pressure cools the heat-generating unit 25a During the heating mode, refrigerant flowing through the 
mounted on the vehicle. evaporator 23 of the refrigerant cycle 20 absorbs heat from 
Because the electromagnetic vaive 30 is also opened 15 air passing through the evaporator 23 to cool air, and absorbs 
during the heating mode, refrigerant from the cooling unit 25 heat from the heat-generating unit 25a to cool the heat- 
passes through the bypass passage 30a and is decompressed generating unit 25a. The heat-absorbed refrigerant is com- 
until a second intermediate pressure in the second electrical pressed by the compressor 21, and refrigerant discharged 
expansion valve 26. Second intermediate-pressure refriger- from compressor 21 is beat-exchanged with cooling 
antflowsintothegas-liquidseparator27tobeseparatedinto 20 water in the w^ater/refrigeraDt heat exchanger 31^ Cooling 
gas refrigerant and liquid refrigerant. Liquid refrigerant wa * r * hc ? tcc * m u the u w f ^*^™* h * at exchanger 31 
from the gas-liquid separator 27 is press-reduced by the ^ hcate h d b * h hcat fr f om to engine 41 As 
lL . b ? 1 -id j .1 , , V. a result, even when the engine 41 is stopped m a long time 
thermal expansion valve 28, and the pre^-reduced refr,g- or teat generated by ^ op t ra don of the engine 41 is small, 
erant passes through the evaporator 23 whde absorbing heat hea , ated from ^ heat-generating unit 25a is effec- 
from air within the air conditioning duct 2. Gas refrigerant ^ ^ tQ ^ ^ heati ^ for ^ 
vaporized in the evaporator 23 is sucked into the compressor compartment 

21 from the intake port 21c. Simultaneously gas refrigerant p when heat ^ m ^ fl fe ^ 

from he gas-hqu.d separator 27 is sucked into he compres- ^ ature (Xw) j, hj her than , 

sor 21 from the mjection port 2U through the mjecUon ^ predetermined ^ mpera ture during operation engine 

passage /. ^ ^ heating mode is performed by heat generated in the 

On the other hand, cooling water pumped from the engine 41 similarly to a gaS oline-engine vehicle. Therefore, 

electrical water pump 44 circulates in the cooling water in this case> cooling water heated in the engine cooling 

circuit 40. In this case, it is determined whether or not the portion 41fl ^ pumped by me electrical water pump 44, and 

cooling water temperature (Tw) detected by the engine 3S ^ divided into cooling water passing through the radiator 42 

cooling-water temperature sensor 65 is higher than a pre- and cooling water flowing thrQUgh me bypass passage 47 by 

determined temperature (e.g., 60° C.) at step 107 in FIG. 3. me fiow comrol valve 45 according t0 the cooling-water 

When the cooling water temperature (T\y) is lower than the temp e ra ture (Tw). Cooling water is cooled while passing 

predetermined temperature (e.g., 60° C), the electromag- thr ough the radiator 42, and flows into the water/refrigerant 

netic valve 46 is opened at step 108. Thus, cooling water ^ neat exchanger 31. In the water/refrigerant heat exchanger 

from the electrical water pump 44 flows into the water/ 31 cooling water ^ hea tHexchanged with refrigerant dis- 

refngerant heat exchanger 31 through the bypass passage 48 charged from lhe compressor 21 to be heated. On the other 

while bypassing the radiator 42. Cooling water is heat- hand? CQoling water passing mrough tne bypa&s passage 47 

exchanged with gas refrigerant discharged from the com- ^ dircct i y flows into the water passage at the outlet side of 

pressor 21 in the water/refrigerant heat exchanger 31; and 4$ the watcr /r C frigerant heat exchanger 31 without passing 

therefore, gas refrigerant is cooled and condensed while through the radiatQr 42 and the wate r/refrigerant heat 

cooling water is heated. exchanger 31. Therefore, cooling water having passed 

Cooling water heated in the water/refrigerant heat through the radiator 42 and the water/refrigerant heal 

exchanger 31 directly flows into the heater core 43. Because exchanger 31 and cooling water bypassing the radiator 42 

the air mixing door 13 closes the bypass passage 43a and 50 an d water/refrigerant heat exchanger 31 are joined in the 

opens the air inlet of the healer core 43 during the heating wa ter passage at the outlet side of the water/refrigerant heat 

mode, all air blown by the blower 3 is heat-exchanged with exchanger 31, and the joined water flows into the heater core 

cooling water to be warm air, and the warm air is blown 43. Because the air mixing door 13 opens the air inlet of the 

toward the passenger compartment. Cooling water from the heater core 43 and closes the bypass passage 43a during the 

heater core 43 passes through the engine cooling portion 41a 55 heating mode, air blown by the blower 3 is heated while 

and returns the electrical water pump 44. passing through the heater core 43, and heated warm air is 

Even when the engine 41 is temporarily stopped during blown toward the passenger compartment. Cooling water 

the heating mode, when the cooling water temperature (Tw) having been he at -exchanged with air in the heater core 43 

is higher than the predetermined temperature (e.g., 60° C), returns the engine cooling portion 41a. 

the electromagnetic valve 46 is closed at step 109. so Even when the engine stops, because the refrigerant cycle 

Therefore, at step 110, the flow control valve 45 controls the 20 is operated, the heat-generating unit 25a mounted on the 

radiator-passing flow ratio according to the control program vehicle can be cooled sufficiently. On the other hand, when 

shown in FIG. 4. the generation heat of the engine 41 is sufficient, the heating 

As shown in FIG. 4, when the engine 41 is stopped during mode is performed by heat generated in the engine 41 while 

the heating mode, the radiator-passing flow ratio becomes 65 the heat-generating unit 25a mounted on the vehicle is 

zero. Therefore, the flow control valve 45 fully opens the sufficiently cooled by the operation of the refrigerant cycle 

bypass passage 47 and fully closes the inlet passage of the 20. 
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As described above, during the cooling mode, because the 
cooling operation of the heat-generating unit 25a mounted 
on the vehicle is performed by the intermediate-pressure 
refrigerant, the heat-generating unit 25 can be sufficiently 
cooled even when the outside air temperature is higher than 5 
40° C. in the summer. 

Further, because refrigerant is heat-exchanged with cool- 
ing water through the water/refrigerant heat exchanger 31, 
refrigerant in the refrigerant cycle 20 can be cooled indi- 
rectly by the radiator 42 through the water/refrigerant heat 10 
exchanger 31, during the cooling mode. Therefore, radiating 
capacity of the refrigerant cycle 20 can be improved, and 
consumption electrical power of the compressor 21 can be 
decreased. Further, in a cool-down state during the cooling 
mode, cooling capacity for the passenger compartment can 15 
be improved. On the other hand, because cooling water is 
heated by heat generated in the heat-generating unit 25a 
during the heating mode, the heating mode can be performed 
even when the engine 41 is not operated. 

Although the present invention has been fully described in 20 
connection with the preferred embodiment thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications will become appar- 
ent to those skilled in the art. Such changes and modifica- 
tions are to be understood as being within the scope of the 25 
present invention as defined by the appended claims. 

What is claimed is: 

1. An air conditioning apparatus for a vehicle having a 
passenger compartment and an engine for driving the 
vehicle, said air conditioning apparatus comprising: 

a duct for forming an air passage for leading air toward 

the passenger compartment; 
a blower, disposed in the air passage, for blowing air 

within said duct toward the passenger compartment; 35 
a refrigerant cycle including 

a compressor for compressing refrigerant, 
a water/refrigerant heat exchanger for exchanging beat 
between gas refrigerant discharged from said com- 
pressor and cooling water for cooling the engine, to 40 
heat the cooling water, 
a condenser for condensing and cooling refrigerant 
from said water/refrigerant heat exchanger by per- 
forming heat-exchange between the refrigerant from 
said water/refrigerant heat exchanger and outside air 4s 
outside the vehicle, 
a first press-reducing unit for reducing a pressure of 
liquid refrigerant to an intermediate pressure, the 
liquid refrigerant being condensed in at least one of 
said water/refrigerant heat exchanger and said 50 
condenser, 

a cooling unit for cooling a heat-generating unit 
mounted on the vehicle, using the intermediate - 
pressure refrigerant from said first press-reducing 
unit, 55 

a second press-reducing unit for reducing a pressure of 
the intermediate -pressure refrigerant from said cool- 
ing unit, and 

an evaporator disposed in said air passage, for evapo- 
rating refrigerant flowing from said second press- eo 
reducing unit by heat from air to cool air; and 
a cooling water cycle in which the cooling water 
circulates, said cooling water cycle includes 
a heater core, disposed in said air passage at a down- 
stream air side of said evaporator, for performing 65 
heat-exchange between the cooling water and air to 
heat air, 
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a radiator for cooling the cooling water by performing 
heat-exchange between the cooling water and out- 
side air, and 

a pump for circulating the cooling water in said cooling 
water cycle, 

wherein said water/refrigerant heat exchanger and the 
engine are disposed in said cooling water cycle. 

2. The air conditioning apparatus according to claim 1, 
wherein 

said refrigerant cycle further includes 

a supplementary condenser, disposed at a downstream 

refrigerant side of said cooling unit, for performing 

heat-exchange between the intermediate-pressure 

refrigerant and outside air, 
a first bypass passage through which refrigerant from 

said cooling unit bypasses said supplementary 

condenser, and 
a first opening/closing valve for opening and closing 

said first bypass passage. 

3. The air conditioning apparatus according to claim 2, 
further comprising: 

refrigerant temperature detecting means for detecting a 
temperature of the intermediate -pressure refrigerant 
from said cooling unit; and 

outside air temperature detecting means for detecting a 
temperature of outside air outside the vehicle, 

wherein said first opening/closing valve opens said first 
bypass passage in such a manner that the intermediate - 
pressure refrigerant from said cooling unit bypasses 
said supplementary condenser, when the temperature of 
the intermediate-pressure refrigerant, detected by said 
refrigerant temperature detecting means, is lower than 
the temperature of outside air. 

4. The air conditioning apparatus according to claim 2, 
wherein said first opening/closing valve opens said first 
bypass passage in such a manner that the intermediate - 
pressure refrigerant from said cooling unit bypasses said 
supplementary condenser, when a heating mode for heating 
the passenger compartment is set. 

5. The air conditioning apparatus according to claim 1, 
wherein the cooling water cooled in said radiator flows into 
said water/refrigerant heat exchanger, when a cooling mode 
for cooling the passenger compartment is set. 

6. The air conditioning apparatus according to claim 1, 
wherein cooling water heated in said water/refrigerant heat 
exchanger flows into said heater core, when a heating mode 
for heating the passenger compartment is set. 

7. The air conditioning apparatus according to claim 1, 
further comprising 

cooling-water temperature detecting means for detecting 
a temperature of the cooling water circulating in said 
cooling water cycle, wherein: 

said cooling water cycle further includes 

a second bypass passage through which the cooling 

water bypasses the radiator, and 
a second opening/closing valve for opening and closing 
said second bypass passage; and 

said second opening/closing valve opens said second 
bypass passage in such a manner that the cooling water 
bypasses the radiator, when the temperature of cooling 
water is lower than a predetermined temperature when 
a heating mode for heating the passenger compartment 
is set. 

8. The air conditioning apparatus according to claim 1, 
further comprising 

cooling-water temperature detecting means for detecting 
a temperature of the cooling water circulating in said 
cooling water cycle, 



11/07/2001, EAST Version: 1.02.0008 



6,047, 

13 

wherein the cooling water cycle further includes a flow 
control valve for controlling a ratio between a volume 
of cooling water passing through said radiator and a 
volume of cooling water bypassing said radiator 
according to the temperature of cooling water. 5 
9. An air conditioning apparatus for a vehicle having a 
passenger compartment and an engine for driving the 
vehicle, said air conditioning apparatus comprising: 
a duct for forming an air passage for leading air toward 

the passenger compartment; 10 
a blower, disposed in the air passage, for blowing air 

within said duct toward the passenger compartment; 
a refrigerant cycle including 
a compressor for compressing refrigerant, said com- J5 
pressor having a first compression portion for com- 
pressing gas refrigerant sucked from an intake port 
thereof from a low pressure to an intermediate 
pressure, and a second compression portion for com- 
pressing refrigerant from said first compression por- 
tion and from an injection port thereof and for 
discharging the compressed refrigerant from an out- 
let port thereof, 
a water/refrigerant heat exchanger for exchanging heat 
between gas refrigerant discharged from said com- ^ 
pressor and cooling water for cooling the engine, to 
heat the cooling water, 
a condenser for condensing and cooling refrigerant 
from said water/refrigerant heat exchanger by per- 
forming heat-exchange between the refrigerant from ^ 
said water/refrigerant heat exchanger and outside air 
outside the vehicle, 
a first press-reducing unit for reducing a pressure of 
liquid refrigerant to an intermediate pressure, the 
liquid refrigerant being condensed in at least one of 35 
said water/refrigerant heat exchanger and said 
condenser, 

a cooling unit for cooling a heat-generating unit 
mounted on the vehicle, using the intermediate- 
pressure refrigerant from said first press-reducing ^ 
unit, 

a gas-liquid separator, disposed at a downstream refrig- 
erant side of said cooling unit, for separating liquid 
refrigerant and gas refrigerant, 

a second press-reducing unit for reducing a pressure of 45 
liquid refrigerant from said gas- liquid separator, 

an evaporator disposed in said air passage, for evapo- 
rating refrigerant flowing from said second press- 
reducing unit by heat from air to cool air, and 

a gas refrigerant passage through which gas refrigerant SQ 
from said gas-liquid separator is introduced into the 
injection port of said second compression port; and 
a cooling water cycle in which the cooling water 

circulates, said cooling water cycle includes 

a heater core, disposed in said air passage at a down- 55 
stream air side of said evaporator, for performing 
he at -exchange between the cooling water and air to 
heat air, 
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a radiator for cooling the cooling water by performing 
heat-exchange between the cooling water and out- 
side air, and 

a pump for circulating the cooling water in said cooling 
water cycle, 

wherein said water/refrigerant heat exchanger and the 
engine are disposed in said cooling water cycle. 

10. An air conditioning apparatus for a vehicle having a 
passenger compartment and an engine for driving the 
vehicle, said air conditioning apparatus comprising: 

a duct for forming an air passage for leading air toward 
the passenger compartment; 

a compressor for compressing refrigerant; 

a water/refrigerant heat exchanger for exchanging heat 
between the refrigerant discharged from said compres- 
sor and cooling water for cooling the engine, to heat the 
cooling water; 

a condenser for condensing and cooling refrigerant from 
said water/refrigerant heat exchanger by performing 
heat-exchange between the refrigerant from said water/ 
refrigerant heat exchanger and outside air outside the 
vehicle; 

a first press-reducing unit for reducing a pressure of liquid 
refrigerant to an intermediate pressure, the liquid 
refrigerant being condensed in at least one of said 
water/refrigerant heat exchanger and said condenser; 

a cooling unit for cooling a heat-generating unit mounted 
on the vehicle, using the intermediate-pressure refrig- 
erant from said first press-reducing unit; 

a second press-reducing unit for reducing a pressure of the 
intermediate-pressure refrigerant from said cooling 
unit; 

an evaporator disposed in said air passage, for evaporat- 
ing refrigerant flowing from said second press-reducing 
unit by beat from air to cool air to be blown the 
passenger compartment; 

a heater core, disposed in said air passage at a downstream 
air side of said evaporator, for performing heat- 
exchange between the cooling water and air to heat air 
to be blown toward the passenger compartment; and 

a radiator for cooling the cooling water by performing 
heat-exchange between the cooling water and outside 
air, wherein: 

the cooling water from said radiator flows into said heater 
core through said water/refrigerant heat exchanger 
while said cooling unit cools the heat-generating unit 
using the intermediate-pressure refrigerant, when a 
cooling mode for cooling the passenger compartment is 
set; and 

the cooling water heated in said water/refrigerant heat 
exchanger directly flows into said heater core, when a 
heating mode for heating the passenger compartment is 
set. 

* * * + + 
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